A revision and analysis of the comprehensiveness of the main longitudinal studies of human ageing for data mining research by Ribeiro, C.E. et al.
Kent Academic Repository
Full text document (pdf)
Copyright & reuse
Content in the Kent Academic Repository is made available for research purposes. Unless otherwise stated all
content is protected by copyright and in the absence of an open licence (eg Creative Commons), permissions 
for further reuse of content should be sought from the publisher, author or other copyright holder. 
Versions of research
The version in the Kent Academic Repository may differ from the final published version. 
Users are advised to check http://kar.kent.ac.uk for the status of the paper. Users should always cite the 
published version of record.
Enquiries
For any further enquiries regarding the licence status of this document, please contact: 
researchsupport@kent.ac.uk
If you believe this document infringes copyright then please contact the KAR admin team with the take-down 
information provided at http://kar.kent.ac.uk/contact.html
Citation for published version
Ribeiro, C.E. and Brito, L.H.S. and Nobre, C.N. and Freitas, Alex A. and Zarate, L.E.  (2017)
A revision and analysis of the comprehensiveness of the main longitudinal studies of human ageing
for data mining research.   Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery,
7  (3).   e1202.  ISSN 1942-4795.
DOI
https://doi.org/10.1002/widm.1202




 A Revision and Analysis of the Comprehensiveness of the Main Longitudinal 






Caio Eduardo Ribeiro; Pontifícia Universidade Católica de Minas Gerais; caioedurib@gmail.com 
Second author 
Luis Henrique S. Brito; Pontifícia Universidade Católica de Minas Gerais                                        
Third author 
Cristiane Neri Nobre; Pontifícia Universidade Católica de Minas Gerais                                        
Fourth author 
Alex A. Freitas; University of Kent 
Fifth author 
Luis Enrique Zárate; Pontifícia Universidade Católica de Minas Gerais    
 
Abstract 
Human ageing is a global problem that will have a large socio-economic impact. A better 
understanding of ageing can direct public policies that minimize its negative effects in the future. 
Over many years, several longitudinal studies of human ageing have been conducted aiming to 
comprehend the phenomenon, and various factors influencing human ageing are under analysis. In 
this review, we categorize the main aspects affecting human ageing into a taxonomy for assisting 
data mining research on this topic. We also present tables summarizing the main characteristics of 
64 research articles using data from ageing-related longitudinal studies, in terms of the ageing-
related aspects analysed, the main data analysis techniques used, and the specific longitudinal 
database mined in each article. Finally, we analyse the comprehensiveness of the main databases of 
longitudinal studies of human ageing worldwide, regarding which proportion of the proposed 
ƚĂǆŽŶŽŵǇ ?Ɛ ĂƐƉĞĐƚƐ ĂƌĞ ĐŽǀĞƌĞĚ ďǇ ĞĂĐŚ ůŽŶŐŝƚƵĚŝŶĂů ĚĂƚĂďĂƐĞ ?tĞ ŽďƐĞƌǀĞĚ ƚŚĂƚ ŵŽƐƚ ĂƌƚŝĐůĞƐ
analysing such data are using classical (parametric, linear) statistical techniques, with little use of 
more modern (non-parametric, non-linear) data mining methods for analysing longitudinal 
databases of human ageing. We hope that this article will contribute to data mining research in two 
ways: first, by drawing attention to the important problem of global ageing and the free availability 
of several longitudinal databases of human ageing; second, by providing useful information to make 
research design choices about mining such data, e.g. which longitudinal study and which types of 
ageing-related aspects should be analysed ?ĚĞƉĞŶĚŝŶŐŽŶƚŚĞƌĞƐĞĂƌĐŚ ?ƐŐŽĂůƐ. 
 
1 - Introduction 
A longitudinal study aims to observe the changes on variables related to a problem domain, 
to the same sample objects, through previously established periods of time, named waves15. This 
kind of study tries to find cause and effect relations between the different values assigned to 
variables, considering the temporal aspect.  
 The longitudinal data analysis techniques most frequently used in the literature are based on 
classical statistics, such as hypothesis tests, correlation analysis, linear regression and logistic 
regression analysis. Note that such classical statistical data analysis techniques are usually 
parametric (making strong assumptions about the data distribution) and often detect only linear 
correlations in data. By contrast, the use of more flexible non-parametric, non-linear data mining or 
machine learning techniques  W e.g., support vector machines  W have been much less explored in the 
context of longitudinal data, although such techniques have also been adapted to this type of data  W 
e.g. Du16, and Chen12. 
 In the context of longitudinal studies, an area that has been gaining attention from the 
scientific community and governmental agencies are the human ageing studies. It is estimated that 
the elderly population will surpass 21.5% of the global population by 2050, which will strongly 
impact society and economy68. To understand this impact, research projects from different areas 
have been investigating a large number of different aspects of the ageing process. 
 In this context, as one of the contributions of this article, the main aspects associated with 
human ageing in the literature were identified. These aspects have been organized into a taxonomy 
for facilitating the analysis of data contained in the main longitudinal studies on human ageing. This 
taxonomy is also used to study how comprehensive each longitudinal study is, in terms of the 
proportion of types of aspects covered by the study. As a second contribution, we investigated 
which data analysis techniques are most frequently applied to longitudinal studies. 
 This review article aims to support future Longitudinal Data Mining (LDM) research projects 
on human ageing which use data sources such as the English Longitudinal Study of Ageing (ELSA), the 
Survey of Health Ageing and Retirement in Europe (SHARE), the Chinese Longitudinal Healthy 
Longevity Survey (CLHLS), etc. To the best of our knowledge, there is just one other systematic 
review on longitudinal studies on human ageing, namely the review by Kaiser31, which is 
ĐŽŶĐĞƉƚƵĂůůǇ ƋƵŝƚĞ ĚŝĨĨĞƌĞŶƚ ĨƌŽŵ ŽƵƌ ĐƵƌƌĞŶƚ ƌĞǀŝĞǁ ? DŽƌĞ ƉƌĞĐŝƐĞůǇ ? <ĂŝƐĞƌ ?Ɛ ƌĞǀŝĞǁ is more 
focused on the ageing background and the methodology used to create many longitudinal databases 
of human ageing, with not much emphasis on data mining. By contrast, our review is more focused 
on the issue of how such longitudinal databases of ageing can be used for data mining and 
knowledge discovery purposes.   
 This review article is organized as follows: Section 2 presents general background on human 
ageing and knowledge discovery in longitudinal databases of ageing. Sections 3 and 4 present, 
respectively, the proposed taxonomy of many aspects affecting ageing (based on an extensive 
literature review) and the previously mentioned analysis of the degree of comprehensiveness of 
each of the main longitudinal studies of ageing with respect to the aspects identified in that 
taxonomy. Section 5 discusses the use of data analysis techniques on longitudinal databases of 
ageing. Finally, Section 6 concludes the article with our considerations regarding the perspectives 










2 ʹ Background on Ageing and Knowledge Discovery in Longitudinal Databases 
2.1 ʹ Human Ageing at the Population Level 
The global ageing phenomenon is caused by an increased life expectancy allied with the 
decline of birth rates. These facts have been occurring throughout countries all over the world, and 
trigger a gradual increase of the proportion of elderly citizens in relation to the rest of the 
population. According to data from the World Population Prospects: The 2015 Revision68, the 
proportion of the population 60 or more years old, which currently represents 12.3% of the global 
population, is estimated to reach 21.5% by 2050, and 28.3% by 2100 (Figure 1). 
 
Figure 1. Proportion of population by age range. Source: UNDESA68 
    
Populational ageing impacts the whole structure of our society, especially regarding social 
security issues, because the ratio of active workers over retired workers will suffer a decline, with 
several socioeconomic implications43. Therefore, understanding the human ageing process is of 
interest to society as a whole, because it can help guiding the creation of public policies aimed at the 
older segment of the society, besides helping fighting the cognitive losses and many age-related 
diseases. The human ageing study is highly interdisciplinary, gathering efforts from different areas of 
knowledge6, such as biology, medicine, psychology, social sciences, economy, etc. Accordingly, in 
this review paper we identify a wide variety of factors affecting ageing, from physical and mental 
health factors to psychological and socio-economic factors, as discussed later.  
 
2.2 ʹ Knowledge Discovery in Longitudinal Databases of Human Ageing 
Knowledge Discovery in Databases (KDD) encompasses three broad tasks18,51: (a) data 
preparation, which includes e.g. data selection and data transformation; (b) the discovery of 
knowledge (or patterns) in databases, by using a data mining algorithm(s); (c) the evaluation and 
interpretation of the discovered knowledge in the context of the target problem domain. 
 In longitudinal databases of human ageing, each record represents an individual sampled 
from a population, and each individual is described by variables repeatedly measured across 
multiple time ƉŽŝŶƚƐ ?ĐĂůůĞĚ ‘ǁĂǀĞƐ ? ? ?Such longitudinal databases have some specific characteristics 
that should be considered in the KDD process, as discussed next.  
When preparing longitudinal datasets of ageing for data mining, the temporal structure of 
the data should be considered. For example, missing value imputation for an age-dependent variable 
in a given wave can consider data from earlier and/or later waves. In the case of chronic age-related 
diseases, for instance, the presence of such a disease in a given wave can be used to infer the 
presence of that disease in a later wave, if the variable for the latter has missing values. In addition, 
longitudinal databases of human ageing typically have thousands of variables in each wave, and 
some individuals are not present in all waves. For instance, as individuals age they are increasingly 
likely to leave the study, due to their death or frailty associated with their old age. In longitudinal 
data analyses, it is often desirable to create datasets where the same variables and individuals are 
kept throughout the waves.  
In longitudinal ageing studies, the objective is to identify patterns expressing changes in the 
values of age-dependent variables or correlations between variables as a function of time. Such 
temporal patterns may be caused by several factors, such as seasonality (e.g. some age-related 
medical conditions may be more common in the winter) or the accumulated effect of the passage of 
time (e.g. the increase of hypertension risk as an individual ages). Conventional data mining (DM) 
algorithms ignore the temporal structure of longitudinal data, so longitudinal DM requires either 
that the data be carefully preprocessed to be suitable for conventional DM algorithms (a popular 
approach despite leading to loss of temporal information), or that new longitudinal DM algorithms 
be developed  W possibly by adapting conventional DM algorithms. 
The knowledge discovered in longitudinal databases of human ageing could potentially help 
to design new interventions against the harmful effects of the ageing process, improving human 
health, longevity, and productivity.  
 
3 ʹ A Taxonomy of Aspects Affecting Human Ageing 
  
In order to evaluate the comprehensiveness of the main longitudinal databases of human 
ageing, we propose a taxonomy of the numerous aspects that influence the human ageing process. 
This taxonomy was based on an extensive review of the literature. The selection of the articles 
reviewed in this paper for creating the proposed taxonomy consisted of four phases, as follows.   
 First, we conducted searches for relevant articles in different academic reference 
repositories  W namely, in PubMed and Springer repositories, and in the repositories of some of the 
most relevant journals that focus on human ageing from a multidisciplinary perspective (European 
Journal of Ageing, Journal of Aging Studies, Journal of Population Ageing, Ageing and Society). The 
searches considered articles published in the period 2004-2016, using as ŬĞǇǁŽƌĚƐ  “ůŽŶŐŝƚƵĚŝŶĂů
ĚĂƚĂďĂƐĞ ?and  “ĂŐĞŝŶŐ ? (or  “aging ? ? ?These searches returned about 500 articles. Second, because of 
the large volume of articles found, we performed part of the process of reduction proposed by 
Kitchenhan et al36. This reduction consisted in selecting the potentially relevant articles by reading 
the titles and abstracts of all articles found in the first search, and eliminating those unrelated to this 
research ?Ɛ objectives and scope, which reduced the number of articles to about 140. Third, we read 
in detail all those 140 articles, and then discarded many articles which were not relevant to our 
review, due to reasons such as not mentioning enough details about the ageing-related longitudinal 
variables analysed and not mentioning enough details about the data mining methods used. This 
further reduced the number of articles to 64 relevant ones. Fourth, these 64 articles were then very 
carefully reviewed and compared with each other, in order to identify ageing-related aspects across 
articles. In this fourth phase we have finally identified all aspects included in the proposed 
taxonomy, and have also identified the data source, geographical region and main data analysis 
technique applied in each reviewed research article.  
 Note that in this last phase it was also necessary to standardize the identified ĂƐƉĞĐƚƐ ? 
terminology, since there are discrepancies on how they were referred to in the reviewed articles, 
and some of the variables addressed in the reviewed articles had to be generalized, in order for 
them to suit the definition of some aspect in the taxonomy. Our review has identified in total 93 
aspects, which have been organized into the taxonomy shown in Figure 2. Note also that some 
aspects may naturally have some overlap, as a result of the fact that they are described by relatively 
broad terms whose interpretation is to some extent subjective, given the nature of the concepts 
ƌĞƉƌĞƐĞŶƚĞĚďǇƐŽŵĞƚĞƌŵƐ ?/ŶƉĂƌƚŝĐƵůĂƌ ?ďƌŽĂĚůǇƐƉĞĂŬŝŶŐ ?ƚŚĞƚĂǆŽŶŽŵǇ ?ƐƚĞƌŵƐƌĞĨĞƌƌŝŶŐƚŽƐŽŵĞ
social sciences or psychology concepts naturally tend to have a more subjective interpretation (and 
therefore are more prone to overlapping) than terms referring to biomedical or physical concepts. In 
our review of the literature, we did our best to choose terms for the proposed taxonomy that best 
reflect the way the reviewed articles approached the studied concepts. 
The taxonomy consists of eight broad dimensions (Physical Health, Quality of Life, Mental 
Health, Genetic Inheritance, Location, Personal, Social and Economic), each of which is further sub-
divided into more specific aspects at different levels of granularity. Hence, the hierarchical nature of 
the taxonomy can help researchers to identify which types of ageing-related aspects (and at which 
level of abstraction) they should focus on, depending on their ƉƌŽũĞĐƚƐ ? ŐŽĂůƐ ? For example, if a 
research project is focused on discovering correlations between, say, data on the Psychological 
Healthy aspect (in the Mental Health dimension) and data on the Economic dimension, it could 
consider variables related to the psychological aspects Depression, Mental Disposition, Stress Level 
and Anxiety Level as well as variables related to Financial Situation, Occupation and Household (see 
Figure 2 for details). 
 
 
Figure 2: A taxonomy of aspects that influence human ageing. 
Table 1 lists references for 63 of the 64 articles reviewed in this work, organized according to 
the dimensions addressed and analysis techniques used in each article (note that a reference can 
appear in more than one cells of the table). A single article13 employed Generalized Linear Models, 
and we chose not to show it on this table to avoid the creation of another 
column in the table, due to space constraints, but it is included in the analysis nonetheless. 
We briefly discuss next a couple of examples showing how data analysis methods can 
consider connections among different aspects of the proposed taxonomy or connections between 
aspects and other ageing-related variables. For a much more detailed review of such papers, a large 
table with detailed information on each reference, including the main ageing-related conclusions of 







Table 1. Reference numbers of the reviewed articles, organized by dimensions of the proposed taxonomy and data analysis techniques. 
DIMENSION 











































































































































































20, 21, 28, 
37, 45, 50, 
60, 75 
38, 61 58, 71, 78   
7, 8, 10, 26, 
30, 39, 41, 
62 
69, 79 67, 73 





1, 20, 52, 
60 
24, 59, 63, 
74 
  9, 70 
10, 14, 26, 
35, 62, 66, 
77, 80 




2, 38, 55, 
61, 63 
78   
8, 10, 11, 
19, 26, 30, 
39, 41, 57, 
77 
27, 34 
42, 56, 67, 
73, 77 
40, 33, 76 41, 65 
Genetic 
Inheritance 
3     70 11 79 67 33   




55, 74, 82 58 81 
4, 10, 11, 
14, 30, 41, 
80, 57 
27, 69 42, 67, 73 22 41 
Social 21,52, 75 
2, 55, 59, 
74, 82 
71 81 
8, 11, 14, 
26, 46, 66, 
80 
23, 34   22, 29, 33   
Economic 3 38, 61, 72 71 64 
4, 7, 11, 19, 
35, 39, 46 
23, 27   53   
 
For example, tŚĞ ‘ĐŽŐŶŝƚŝǀĞĞĨĨŝĐŝĞŶĐǇ ?ĂƐƉĞĐƚ ? ‘DĞŶƚĂů,ĞĂůƚŚ ?ĚŝŵĞŶƐŝŽŶ ?has been studied 
together with aspects like  ‘ǁĞůůďĞŝŶŐ ?2,77  ? ‘YƵĂůŝƚǇ ŽĨ >ŝĨĞ ? ĚŝŵĞŶƐŝŽŶ ?,  ‘ĞĚƵĐĂƚŝŽŶ ?57  ? ‘WĞƌƐŽŶĂů ?
dimension), and  ‘sensorial efficiency ?41  ? ‘WŚǇƐŝĐĂů,ĞĂůƚŚ ?ĚŝŵĞŶƐŝŽŶ ?. DŽƌĞŽǀĞƌ ? ‘ƉŚǇƐŝĐĂůĂŶĚƐŽĐŝĂů
ĂĐƚŝǀŝƚŝĞƐ ?ƌĞƉŽƌƚĞĚůǇŝŶĨůƵĞŶĐĞĚƉŽƐŝƚŝǀĞůǇƚhe cognitive efficiency8.  
As another example, tŚĞ ĂƐƉĞĐƚ  ‘ĚĞƉƌĞƐƐŝŽŶ ?  ? ‘DĞŶƚĂů ,ĞĂůƚŚ ? ĚŝŵĞŶƐŝŽŶ ?has been 
associated with ageing-related variables like  ‘ƉƌĞŵĂƚƵƌĞŵŽƌƚĂůŝƚǇ ?76 ĂŶĚ ‘ĚŝĂďĞƚĞƐ ?38,40 (the latter is 
included in the  ‘chronic disease ? aspect in ƚŚĞ ‘WŚǇƐŝĐĂů,ĞĂůƚŚ ?ĚŝŵĞŶƐŝŽŶ ?.  
Figure 3 shows the proportion of reviewed articles using each of 9 broad types of data 
analysis techniques. Note that the reviewed articles have used in general classical statistical analysis 
techniques, and a preference for Linear and Logistic Regressions is evident in this Figure. 
These classical statistical techniques have some limitations in the analysis of complex data, 
like longitudinal databases of human ageing. In particular, linear regression (in its various forms) and 
conventional correlation analysis-based techniques are usually parametric, making strong 
assumptions about the data distribution  W such as assuming that the relationship between the 
dependent and independent variables is nearly linear, or assuming a normal distribution of the 
dependent variable.  
 
  
Figure 3: Percentage of reviewed articles that used each data analysis technique 
 When the dependent variable does not follow the normal distribution, Generalized Linear 
Models (GLMs)47 can be used. As an extension of classical regression techniques, GLMs allow 
multivariate analysis with either continuous or nominal dependent variables, with an exponential or 
normal distribution. Note, however, that only one of the reviewed articles used GLM, namely, Choi 
et al.13.. 
Several studies addressed problems where the dependent variable is the time elapsed until 
an event (e.g. death). For instance, White76 investigates how depression-related factors may shorten 
the lives of older adults. Several projects used the Cox Proportional Hazards Model 22,29,33,40,53,54, 
which is widely utilized in the analysis of survival rates. This model allows the identification of the 
independent variables that act more intensely when all variables are analysed as a set. 
Another alternative to the limitations stated previously is Structural Equation Modelling 
(SEM)25. Briefly, SEM analyses the association between observable variables and latent variables  W 
i.e. variables that are the product of relations between observable variables, but cannot be directly 
observed. Aspects such as wellbeing, that cannot be directly observed, may be considered latent 
variables. Based on this, Wilson77 utilized SEM to assert that cognitive efficiency decline hinders 
wellbeing among older adults. SEM was also used in 42,56,67,73. 
Among the articles included in our literature review, the proportions of articles addressing 
each of the 8 dimensions of the proposed taxonomy of ageing-related aspects are shown in Figure 4. 
ůĞĂƌůǇ ?ƚŚĞ ‘DĞŶƚĂů,ĞĂůƚŚ ?ĂŶĚ ‘WŚǇƐŝĐĂů,ĞĂůƚŚ ?ĚŝŵĞŶƐŝŽŶƐŚĂǀĞďĞĞŶƚŚĞŵŽƐƚŝŶǀĞƐƚŝŐĂƚĞĚŝŶƚŚĞ
reviewed articles.  
Figure 4: Percentage of articles analysing data from each dimension of the proposed taxonomy 
 4 ʹ A Comprehensiveness Analysis of the Main Longitudinal Studies on Human Ageing 
In this section we analyse the degree of comprehensiveness of the seven most prominent 
longitudinal studies on human ageing. By comprehensiveness we mean the extent to which they 
contain data about the different aspects identified in the proposed taxonomy (Figure 2). Table 2 
presents an overview of the main characteristics of these longitudinal studies.  
 
Table 2. Main characteristics of longitudinal databases of human ageing analysed in the reviewed articles. 
DESCRIPTION ELSA SHARE TILDA CLHLS WLS KloSA HRS 
Number of aspects 
addressed (out of 93 
in the taxonomy) 
57 46 42 34 33 33 29 
Average number of 
respondents per 
wave  
12000 110000 8504 19000 10317 10000 26000 
Number of waves 
published until 
June/2016 













ELSA  W English Longitudinal Study of Ageing (site: http://www.elsa-project.ac.uk/) 
SHARE - Survey of Health Ageing and Retirement in Europe (site: http://www.share-project.org/) 
TILDA  W Irish Longitudinal Study on Ageing (site: http://tilda.tcd.ie/) 
CLHLS  W Chinese Longitudinal Healthy Longevity Survey (site: http://centerforaging.duke.edu/chinese-longitudinal-healthy-
longevity-survey) 
WLS  W The Wisconsin Longitudinal Study (site: http://www.ssc.wisc.edu/wlsresearch/) 
HRS  W Health and Retirement Study (site: http://hrsonline.isr.umich.edu/) 
KloSA  W Korean Longitudinal Study of Aging (site: http://survey.keis.or.kr/ENLCTGO01N.do?mnucd=cfsaklosa1) 
 
The proportion of reviewed articles that used data from each longitudinal study is shown in  Figure 
5. AlƚŚŽƵŐŚ ƚŚĞ  ‘KƚŚĞƌƐ ? ĐĂƚĞŐŽƌǇ ƌĞƉƌĞƐĞŶƚs 44% of the reviewed articles, there are twenty 
databases in that category, and none of them has been used more frequently than the seven 
longitudinal databases shown in Table 2. In the first supplementary file (Table S1) we include the 
names of the databases used in each study, with a link to their website. The file also presents 
information on each article included in our revision, such as the main conclusions of the authors. 
Figure 5: Percentage of articles using data from each database 
The comprehensiveness analysis is presented in Table 3. Each row of the table refers to a 
different dimension (top-level aspect) in the taxonomy (Figure 2), and the columns refer to the 
seven longitudinal studies on human ageing. The value in each cell indicates the comprehensiveness 
of the study for the corresponding dimension, represented by the percentage of aspects of that 
dimension addressed by the study. In our second supplementary file (Tables S2 through S9) we 
provide a more detailed analysis of comprehensiveness, with one table for each dimension, showing 
which aspects of that dimension are addressed by each study. To construct the table, the decision 
about exactly which aspects were addressed by each study required an interpretation of the 
ĚŽĐƵŵĞŶƚĂƚŝŽŶ ĨƌŽŵ ĞĂĐŚ ƐƚƵĚǇ ?Ɛ ŽĨĨŝĐŝĂů ǁĞďƐŝƚĞ ? ƐŝŶĐĞ ƚŚĞƌĞ ĂƌĞ ĚŝĨĨĞƌĞŶĐĞƐ ŝŶ ŶŽŵĞŶĐůĂƚƵƌĞ
across studies, and several pieces of information are presented with little specificity. Hence, it is 
possible that an aspect not considered in our analysis is (directly or indirectly) addressed in the 
ƐƚƵĚǇ ?ƐĚĂƚĂbase.  
Note that an aspect might be represented by multiple variables in a database. For instance, 
 ‘WŚǇƐŝĐĂůĐƚŝǀŝƚŝĞƐ ?ŝƐĂŶĂƐƉĞĐƚĂĚĚƌĞƐƐĞĚďǇƚŚƌĞĞǀĂƌŝďůĞƐin the ELSA database, representing the 
ƌĞƐƉŽŶĚĞŶƚ ?Ɛfrequency of participation on light, moderate and intense physical activities. 
 
Table 3. Analysis of the comprehensiveness of the main longitudinal databases of human ageing 
DIMENSION ELSA SHARE TILDA CLHLS WLS KLoSA HRS 
Physical Health 85.0% 80.0% 70.0% 60.0% 15.0% 60.0% 50.0% 
Quality of Life 87.5% 75.0% 87.5% 75.0% 37.5% 62.5% 37.5% 
Mental Health 85.7% 57.1% 71.4% 57.1% 42.9% 42.9% 28.6% 
Genetic Inheritance 100% 66.6% 66.6% 66.6% 100.0% 66.6% 100% 
Location 62.5% 25.0% 25.0% 25.0% 100.0% 25.0% 25.0% 
Personal 50.0% 33.3% 33.3% 16.7% 41.7% 25.0% 16.7% 
Social 80.0% 70.0% 40.0% 40.0% 40.0% 30.0% 20.0% 
Economic 100.0% 87.5% 75.0% 50.0% 87.5% 62.5% 100.0% 
 
The studies in Table 3 have different levels of comprehensiveness across the dimensions of the 
proposed taxonomy, besides having different types of data and numbers of respondents, and 
covering diverse geographical regions (see Table 2). Hence, each of these studies has unique 
features that would make it more recommendable to certain types of research: 
x ELSA: The English study established a quality standard referred to in most of the main 
studies on human ageing. Amongst the evaluated studies, ELSA stands out as the most 
ĐŽŵƉƌĞŚĞŶƐŝǀĞŽŶŵŽƐƚŽĨƚŚĞĚŝŵĞŶƐŝŽŶƐ ?ĞǆĐĞƉƚ ‘>ŽĐĂƚŝŽŶ ?. Furthermore, the study has a 
significant sample size, with about 12000 respondents per wave. Hence, ELSA can be 
recommended for most general purpose human ageing study projects. 
x SHARE: This study is the most geographically distributed, being conducted on 20 European 
countries and Israel. It also has by far the largest sample of respondents (see Table 2). 
Furthermore, it is the second most comprehensive study overall, in Table 3. 
x TILDA: The Irish longitudinal study has a good comprehensiveness on every dimension, and a 
stable database, due to ƵƐŝŶŐĂŵŽĚĞůƐŝŵŝůĂƌƚŽ>^ ?Ɛ. Because it was most recently started 
(the first wave was conducted in 2009), TILDA has adhered to a more mature ELSA model, 
without the need to pass through the several adaptations that ELSA had to. Thus, the data 
preparation phase of a project using the TILDA database should, in theory, need fewer 
adaptations and concerns with the data format. 
x CLHLS: This study focuses on behavioural analysis, aiming to identify ageing-related risk 
behaviours. The Chinese database has the greatest number of centenarians (14290) and a 
considerable number of nonagenarians (18910) and octogenarians (14416). Hence, studies 
that aim to find answers to the very high longevity of individuals might benefit from its data. 
x WLS P dŚĞ tŝŶƐĐŽƐŝŶ ƐƚƵĚǇ ŚĂƐ ƚŚĞ ŽůĚĞƐƚ ĚĂƚĂ ĂǀĂŝůĂďůĞ ? ƐŽŵĞ ĚĂƚŝŶŐ ďĂĐŬ ƚŽ ƚŚĞ  ? ? ?Ɛ ? 
Hence, an analysis of its data can provide insights on the effect of the passage of greater 
periods of time than other studies. Also, it is focused on a single city, which allows it to fully 
ĐŽǀĞƌƚŚĞ ‘>ŽĐĂƚŝŽŶ ?ĚŝŵĞŶƐŝŽŶĂŶĚŚĂǀĞŵŽƌĞƐƉĞĐŝĨŝĐǀĂƌŝ ďůĞƐĨŽƌƚŚĂƚĚŝŵĞŶƐŝŽŶ ? 
x KLoSA: Another database that follows the ELSA model, KloSA is limited to South Korea 
respondents, which, like the Chinese respondents in CLHLS, have specific social and cultural 
characteristics. Because they have oriental respondents, KloSA and CLHLS are recommended 
for projects that compare environmental differences between cultures, possibly comparing 
results from these studies with the ones from studies that focus on occidental cultures. 
x HRS: Many respondents of this study (about 20000 individuals) had their genetic codes 
mapped and added to the study ?Ɛ database. Hence, projects may use this database for 
analyses that aim to correlate genetic influences with the environmental characteristics of 
the participants. In addition, the study currently has 13 published waves, more than every 
other study in Table 2, which allows a more extensive longitudinal analysis. 
 
5 ʹ Data Analysis Techniques Applied to Longitudinal Databases of Ageing 
 As previously mentioned, the data analysis techniques most commonly used to analyse 
longitudinal databases of human ageing are classical statistical techniques such as linear and logistic 
regression. The articles selected in our review utilized data from several longitudinal studies, and 
applied different data analysis techniques, as presented in Table 4.  
Table 4. Reference numbers of the reviewed articles, organized by data analysis technique and longitudinal database of human ageing 





20, 21, 28, 37, 52, 
60 
  3, 45 75     50 
Multilevel Logistic 
Regression 
2, 59, 61, 72 72, 74 55 82   38 72 
Multivariate Logistic 
Regression 
71     78       
Multilabel Logistic 
Regression 
  70   81       
Linear Regression 62, 80 10, 19, 57 46     35 11, 35 
Generalized Linear 
Model 
          13   
Cox Proportional 
Hazards 
76 22, 53     29 33   
Analysis of Variance 
(ANOVA) 
  65           
 
 
Our literature review brought up an interesting issue: the lack of published articles analysing 
longitudinal databases of ageing with modern data mining algorithms like support vector machines 
(SVMs) and random forests (RFs).  There are SVMs and RFs designed to cope with longitudinal data, 
but such algorithms have not been applied yet to the major longitudinal databases of ageing 
discussed in this review, possibly due to the lack of awareness of the data mining community about 
the availability and importance of such databases.  
As related work, we briefly mention three examples of SVMs applied to longitudinal data 
about a specific disease or health problem (rather than about the ageing process as a whole). First, 
Minhas48 employs Support Vector Machine (SVM) classifieƌƐ ƚŽ ƉƌĞĚŝĐƚ ĞĂƌůǇ ůǌŚĞŝŵĞƌ ?Ɛ ĚŝƐĞĂƐĞ ?
Second, Bellazi5 employs SVM classifiers to analyse longitudinal data, aiming to assess the clinical 
performance of haemodialysis services. As the third example, Du16 uses SVM for predicting 
Amyotrophic Lateral Sclerosis (ALS) score. All three articles concluded that the use of SVM was 
successful. 
 
6 - Conclusion 
Longitudinal studies of human ageing gather information about thousands of individuals, 
collected over many years. The databases created by such studies contain a large number of 
variables, of diverse types, providing data about a number of different aspects affecting human 
ageing. In addition, such studies are conducted around the world, representing populations with 
diverse social, economic and cultural characteristics. Furthermore, the data stored in such 
longitudinal databases of ageing is often freely available for researchers. 
Hence, the data contained in these databases is a very useful source of information for 
research on human ageing. In particular, data analysis techniques from statistics and data mining can 
be used to extract knowledge or patterns about the complex process of human ageing. 
In order to support research based on longitudinal databases, we performed an extensive 
review of the literature on longitudinal studies of human ageing. Using the methodology described 
in Section 3, a large number of articles on the theme (about 500) were obtained. However, only 64 
of them were considered relevant based on the inclusion and exclusion criteria adopted. As a 
limitation of this work, it is possible that the process of eliminating some papers reading only their 
title and abstract, although it is widely used, has resulted in discarding a few papers that would be 
found relevant if we had read all full papers. However, it would not be feasible or cost-effective to 
read 500 articles in detail, and in general the titles and abstracts of the discarded papers clearly 
indicated that they were very unlikely to be relevant for our review. This trade-off of analysing a 
large amount of papers in a reasonable amount of time is well known in information retrieval 
researches. 
As for contributions, first, we proposed a taxonomy of the main aspects affecting human 
ageing, as shown in Figure 2. Second, as a summary of our literature review, we presented tables 
which categorize the reviewed articles according to the data analysis techniques they used and the 
broad ageing-related aspect that they investigate (Table 1) or the major longitudinal datasets that 
they analysed (Table 4). Third, we identified the seven most prominent longitudinal studies of 
human ageing around the world, and for each study we summarized its main characteristics (Table 
2) and analysed its degree of comprehensiveness, that is, the extent to which they contain data 
about the different ageing-related aspects identified in the proposed taxonomy (Table 3).  
We also noted that the data analysis techniques used so far to analyse longitudinal 
databases of human ageing have been mainly classical statistical techniques, often limited by 
parametric and linearity assumptions. Actually, to the best of our knowledge, there is no work 
applying more modern data mining methods to such longitudinal databases of human ageing, 
although these methods have been applied to longitudinal data about a specific disease or health 
condition (some examples were briefly mentioned in Section 5).  The study of human ageing could 
greatly benefit from different forms of non-parametric and non-linear data analyses, such as modern 
data mining algorithms developed to deal with longitudinal data. 
We hope that this review can help other researchers to apply statistical and data mining 
methods to longitudinal data on human ageing, contributing to the discovery of more knowledge in 
this area. Note that this is a very important research area, since the proportion of the world 
population becoming old or very old is expected to substantially increase in the coming decades, 
with large socio-economic and health implications, as discussed earlier. 
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